Summary. Females housed with their mates for 3 or 4 days before mating took place (i.e. early in the oestrous cycle at the time of introduction to the mate) were significantly more likely to litter than were females housed with their mates for only 1 or 2 days before mating. The duration of post-copulatory pair contact had a complex effect on pregnancy success. While only 41% of females littered when they had 24 h of post-copulatory pair contact, females exposed to either longer or shorter durations of post-copulatory pair contact littered at significantly higher rates. Exposure to a strange male 24\p=n-\48 h after mating did not produce a strange-male induced pregnancy block. The critical parameter responsible for the decrease in the number of females littering was the absence of the mate, irrespective of the presence or absence of a strange male. If this pattern of pregnancy block is adaptive for females, it seems probable that females in the wild require substantial levels of paternal investment by their mates.
Introduction
The presence or absence of conspecifics can provide a female with information about the prob¬ ability of an attempt at reproduction being successful. This is especially true in species with social systems that provide the potential for either (a) increased reproductive success through parental investment by conspecific adults other than the mother or (b) decreased reproductive success through infanticide. Thus, under some social conditions, it might be adaptive for a female to adjust her investment in a particular reproductive attempt. Females which could accurately (1) identify social environments likely to result in low survivorship for her offspring and (2) respond by termi¬ nating further investment, would conserve both energy and time. The result would be a potential increase in her lifetime reproductive success. There is a growing body of evidence suggesting that small mammals are capable of these adaptive responses. The presence or absence of other conspeci¬ fics affects individual reproductive physiology in several ways. These include oestrous synchrony in females (McClintock, 1983) , acceleration or delay of sexual maturation (Drickamer, 1979; Terman, 1980; Vandenbergh, 1983) , post-copulatory pregnancy block (Bruce, 1959;  Schwagmeyer, 1979; Labov, 1981; Marchlewska Koj, 1983) , peri-copulatory pregnancy block (Dewsbury, 1982; Wynne-Edwards & Lisk, 1984) and pregnancy maintenance (Richmond & Stehn, 1976; Berger & Negus, 1982; Storey, 1986) .
Djungarian hamsters (Phodopus campbelli) show a peri-copulatory pregnancy block. Females mate and ovulate but fail to initiate progestation when they are housed with two fertile males (Wynne-Edwards & Lisk, 1984) . The present study was designed to extend these observations of a strong peri-copulatory pregnancy block to a study of the influence of pair contact on pregnancy success in Djungarian hamsters. The results are organized as three experiments to study the effect ' Present address: Biology Program, Sangamon State University, Springfield, IL 62708, U.S.A. on pregnancy success of: (1) increasing the duration of precopulatory pair contact, (2) increasing the duration of post-copulatory pair contact and (3) the presence of a strange male 24-^18 h after mating.
General Methods
The Djungarian hamsters were descendents of animals captured in Tuva, Siberia, in 1965 (Vorontsov et al, 1967 , Kartavtsev et al, 1984 , which is extensively used in laboratories to study the endocrine basis of the photoperiodic response (e.g. Yellon & Goldman, 1984; Wade & Bartness, 1984; Duncan et al, 1985; Hoffman & Illnerova, 1986) . However, the two species are not sympatric (Flint, 1966) , produce infertile hybrid offspring (Iudin et al, 1979) and differ in their copulatory patterns and levels of social interaction with conspecifics (K. E. WynneEdwards, unpublished 
Experiment 1
This consisted of an analysis of breeding records to determine whether there was a connection between the amount of pre-copulatory contact with the mate and the probability that a female would deliver a litter.
Procedure. Over a period of 4 years several different experiments were conducted using the same pre-copulatory paradigm which introduced males and females without prior knowledge of the stage of the female's oestrous cycle. Since the oestrous cycle is usually 4 days in length, behavioural oestrus could occur on the day of introduction or one of the three subsequent days. For a total of 330 females it was possible to compare the number of days between the introduction of the mate and mating (determined by direct observation of at least one ejaculation) and the proportion of females that successfully delivered litters. A small number ( < 15) of females mated on the 5th day after introduction. The majority of these females were probably showing a 5-day oestrous cycle. Nevertheless, they were excluded from the analysis because of the slight possibility that they were on a 4-day cycle and the observer had failed to detect previous copulatory behaviour on the day of introduction.
Statistics.
2 analysis with four independent samples (for the four possible precopulatory intervals) was conducted on the data. Pairwise 2 analyses were used to identify significant differ¬ ences between groups. In all cases < 0-05 was required for significance.
Results. As shown in Table 1 , several significant results were obtained. The probability that a female would deliver a litter was significantly affected by the duration of pre-copulatory contact ( 2 = 14-2, ^0 -01). The probability that a female would deliver a litter did not differ signifi¬ cantly for 1 or 2 days of pre-copulatory contact or for 3 or 4 days of pre-copulatory contact, but females were significantly more likely to deliver litters after 3 or 4 days of pre-copulatory contact than after just 1 or 2 days. An equal number of females did not become receptive on each of the 4 possible days ( 2 = 7-7, sí 001). 
Experiment 2
This was designed to investigate the effect of post-copulatory contact with the mate on the probability that a female would successfully deliver a litter.
Procedure. Six experimental groups were tested (see Table 2 ). In the first group (Group 1 ) the males were introduced to the female's cage for 30 min daily until mating was observed. Males then remained with the female for 2 h during which mating occurred. After 48 h the female was placed in a clean cage. In Groups 2-4 the female remained in continuous contact with the mate from intro¬ duction through mating. They differed from each other only in the length of post-copulatory contact, receiving no post-copulatory contact (i.e. males were separated from females 2 h after the first mount) (Group 2), or 24 h (Group 3) or 48 h (Group 4) of post-copulatory contact. In all cases the female remained in her familiar cage until 48 h after mating before being placed in a clean cage. In Group 5 pairs were housed together for 5 days, irrespective of the day on which mating was observed, and so a pair could have from 24 to 96 h of post-copulatory contact. In Group 6, females remained with the males in small boxes throughout gestation. All females that showed visible signs of pregnancy delivered litters.
Statistics. All females were scored as (1) littering successfully or (2) failed to litter, 2 tests were used to determine overall significance within the experiment and the sources of significant variation between experimental groups by pairwise comparison of all groups. In all cases, ^005 was required for significance.
Results. As shown in •Significantly different from that of all other groups except Group 2 ( < 005).
Experiment 3
This was designed to determine whether Djungarian hamsters were susceptible to the pregnancy blocking effect of a strange male. Two experimental paradigms were tested. In the first the female remained in direct contact with the stimulus animal. In the second the stimulus animal was confined to a small enclosure within the female's cage.
Procedure. Females were assigned to one of 6 experimental groups then mated using the same procedure as in Exps 1 and 2. For the three 'contact' groups both the male and female were handled briefly 24 h after mating and then the female remained a further 24 h with the mate (Group 7A = Group 4 in Exp 2), a rested, strange adult male (Group 8A) Significantly more females delivered litters when the length of pre-copulatory pair contact exceeded 2 days. Perhaps increasing familiarity with the mate decreased some of the stressful effects associated with encountering a stranger which could adversely affect the reproductive physiology of pregnancy initiation (Kittenger et al, 1980; Rivier et al, 1986 Wynne-Edwards, unpublished) . It is possible that, because of the long time during which they had been cycling without access to a mate, they showed a lower incidence of pregnancy block than a younger population of virgin females might have shown.
The high pregnancy success of females that received no post-copulatory pair contact may also be explicable in terms of the future potential of those females to reproduce. All arguments about the adaptive nature of a pregnancy block in response to desertion by the mate conclude that a parent should only terminate investment in a current reproductive attempt when the probability of successfully raising those offspring to weaning is so low that selection favours rapid re-investment in another reproductive attempt (Trivers, 1972; Dawkins & Carlisle, 1976 ). This requires that females which continue to invest in a litter after they are deserted by their mates should, on average, be significantly less successful than their paired counterparts at raising their young to weaning. A test of this prediction is currently in preparation.
Although the strange-male induced pregnancy block in recently inseminated mice (Bruce, 1959) has since been described for a wide variety of small mammals (see Labov, 1981) it does not occur in all species. The rat (Davis & DeGroot, 1969) and the gerbil (Norris & Adams, 1979) do not show a typical pregnancy block. The present study indicates that strange-male induced pregnancy block does not occur in Djungarian hamsters although fewer females litter when their mate is removed or confined. These data would have been consistent with the presence of strange-male induced preg¬ nancy block if the control groups in which the female was housed alone (Groups 9A & 9B) had not been included in the design. Norris (1985) reached the same conclusion to explain the incidence of pregnancy block in Mongolian gerbils. Out of a literature containing considerable confusion about the incidence and causes of pregnancy block in gerbils (Norris & Adams, 1979; Rohrbach, 1982) , Norris (1985) constructed another study which controlled for the effect of removing the stud male and concluded that the exteroceptive factor responsible for pregnancy block in Mongolian gerbils was the disruption of the pair. (M. pennsylvanicus; Storey, 1986) and redbacked voles (Clethrionomys gapperi; Clulow et al, 1982) .
Across species there are differences in the cues necessary to elicit strange-male induced preg¬ nancy block (Terman, 1969; Milligan, 1976) and extensive discussions of the adaptiveness of the phenomenon from both the positive (Mallory & Clulow, 1977;  Hrdy, 1979; Heske & Nelson, 1984; Huck, 1984) and the negative viewpoints (Bronson & Coquelin, 1980) . On the positive side, several possible adaptive reasons for this pregnancy blocking effect have been suggested (Schwagmeyer, 1979) , particularly infanticidal behaviour of the strange male towards offspring sired by the orig¬ inal male (reviewed in Huck, 1984 (Dewsbury, 1982) may have a similar mechanism (Dewsbury, 1985) and a similar adaptive basis. The negative impact on survival of young that could result from decreased certainty of paternity associated with promiscuous mating was proposed as a selective pressure for the evolution of pregnancy block (Dewsbury, 1982; Wynne-Edwards & Lisk, 1984) . Mallory & Clulow (1977) found several generations of corpora lutea in the ovaries of female voles trapped from the wild. The ovaries were morphologically similar to those of females sequentially exposed to the pregnancy blocking effect of strange males and they argued that pregnancy disrup¬ tion was common in the wild. Heske & Nelson (1984) compared the ability of strange males to block pregnancy in standard, small, test arenas and in larger, complex habitats. In spite of the potential for escape by the female, aggression towards the intruder male, or beneficial effects on the continued presence of the mate, pregnancy block still occurred in the complex habitats. On the negative side, none of the peri-copulatory (Dewsbury, 1985) , the post-copulatory (Bruce & Parkes 1961; Mallory & Clulow, 1977; Rohrbach, 1982) , or the pair-disruption (Norris, 1985) pregnancy blocks occur in females mated at a post-partum oestrus, possibly as a result of the high prolactin levels associated with lactation (Bronson et al, 1969; Marchlewska-Koj, 1983) . If the majority of matings in the field occur at post-partum oestrus, and the pregnancy block is adaptive, pregnancy block should also occur after post-partum matings.
The social context in which pregnancy block occurs, if it is adaptive, must depend on the natural social organization of each species. When we first described a peri-copulatory pregnancy block in Djungarian hamsters (Wynne-Edwards & Lisk, 1984) we were left with two possible explanations. It could be an artefact of a physiological mechanism with a different function in regulating reproduction (Bronson, 1985) or it could be adaptive. If it was adaptive then two major hypotheses were present in the literature. Either paternal investment was important to the female and she would terminate further investment in the pregnancy if she were deserted by her mate after mating (Dawkins & Carlisle, 1976; Zeveloff & Boyce, 1980) or, if the potential for infanticide by an unrelated male was the driving factor behind the evolution of this pregnancy block, females should be relatively unaffected by the removal of their mate but should show a strange-male induced pregnancy block with exposure during the first few days after mating (Huck, 1984) . The three experiments reported in this study suggest that Djungarian hamster females are very sensitive to the continued presence of their mate and pregnancies tend to fail when they are deserted by him. The Djungarian hamster is part of a palaearctic radiation of 5 genera of dwarf hamsters. Native to the steppes of central Siberia, Mongolia and North China, little is known about the natural mating system (Flint, 1966 
